. 'Situated Design', a software development methodology which takes the situational and social nature of human conduct into account, will be his dissertional subject. In 1992 he received his Master of Science in engineering of informatics (computer science) at the Federal Institute for Technology of Switzerland (ETH Zurich). He enhanced his engineering background with additional studies in work psychology during his study, by studying psychology for one year at 
energy consumers, the paper production lines. Both sides have different, specialized tasks requiring different expertise: the management of boilers and turbines at the power plant, and the energy-intensive production of high-quality paper respectively. The technical challenge to manage the energy production in a most effective and cheap way is strongly related to the technical and social circumstances of both of these domains. An elaborated communication between the two involved groups of experts can contribute to the effective and economic management of energy. Because of the geographically distributed nature of the work, we are currently designing a computer system that will help in the communication between energy consumers and producers, heightening the awareness of each others problems. However, we will discuss how far the energy management task can be automated and how far human expertise is needed. Situated Design considers any worker as a 'situated actor', this means that the worker is able to take into account unique aspects of a particular problem in order to conduct its behavior. This is not true for computer systems. The energy management at the paper mill, however, demands the ability to act in a situated manner. Therefore, in order to improve the energy management task, there is a system development methodology needed which takes a diversified view of human expertise and computational power into account.
This case study shows that the Situated Design approach can be used to design practical commercial systems.
EXECUTIVE SUMMARY
The case to be discussed is a joint project between the university of Zurich and "Swiss Paper" 1 , a large paper mill in Switzerland. The paper mill had recently undergone deep structural changes after an investigation of one of the world's leading management consulting companies. Our project is mainly concerned with support of energy management by means of computer technology. There were essentially three goals. The first one was to minimize energy consumption while keeping it at a constant level. The second goal was the exploration of a scientific hypothesis, namely that expert behavior cannot be adequately explained in terms of 'information processing', but is more adequately seen as 'situated action'. The latter emphasizes the actual organizational and social circumstances. The objective of Situated Design -a particular project methodology that we have been developing in our group at the university over the last few years -is to support 'situated action' by means of computer technology, rather than to formalize human expertise. Applying and refining this methodology is the third major goal of the project. In this paper we will discuss our experiences with Situated Design at Swiss Paper.
The software industry's biggest problems are well known -projects arriving late, over budget or not delivering what is needed. We will argue that one of the main problems is a misconception of human cognition and behavior. We claim that this misconception is at the source of the problems of software development in general. We suggest an alternative approach which has grown out of our experience with many projects in the area of 'work place design by means of computer technology' 2 .
One of the underlying assumptions that we will discuss in the paper is that the goal of software engineering is support rather than automation. Thus, we do not intend to develop software packages that will take all the design decisions for the software engineer. This position can be contrasted with, e.g., the conviction underlying CASE systems, where the design process and the whole software life cycle can be formalized. All the designer has to do is apply the detailed recipes prescribed by the CASE software. What we have in mind contrasts sharply with this view. It is our belief that an answer to the so-called "software crisis" is to optimally exploit human expertise, not automating it. Furthermore, design involves a lot of communication. The software designer has to listen and observe carefully, in order to better understand the latent user's needs. The aim of Situated Design is to stimulate the designer's awareness of the issues involved in the design process, such as the expertise used in daily work. It should encourage the discussion and confrontation of these issues from different perspectives among all members of a project team, designers as well as the people concerned. The goal is not to provide "canned" solutions, but to optimally bring to bear the user's as well as the designer's knowledge. The success of the project depends on the human designer's experience in perceiving related issues which are not optimally exploited.
In order to test and refine the methodology of Situated Design we have defined a project with Swiss Paper. The investigation of one of the world's leading management consulting companies has been the first consequence of a preceding declaratory capital reduction. Though the company's interest in the project is energy management, our approach will rather emphasize the communication between all workers about energy issues than to understand the energy process itself.
Therefore, the objective is to improve or, respectively, to enhance the existing computer infrastructure in a way that the communication process about the energy issue will be improved. Finally, we expect that an improved communication will enhance the paper mill workers' understanding and mastery of the energy management.
BACKGROUND The holding
Swiss Paper specializes in high-quality paper production with a total annual production of 300´000 tons. Swiss
Paper is one of two paper mills belonging to the "Swiss Paper Holding" 3 with a total production of 450'000 tons. The second paper mill produces newsprint. In 1994, the business volume of the holding was roughly US $ 600 million with a loss of US $ 50 million. This has to be contrasted with the mid 80'ies, where Swiss Paper Holding made large profits (in 1989 they still had a surplus of 13 millions) and accounted a very high liquidity (60 %).
During the period of 1994/95 two subsidiary companies engaged in paper manufacturing and paper trading were sold as a result of restructuring. With the attempt to increase productivity the work force of the holding was reduced from former 3295 to 1675 persons. At Swiss Paper itself there was a reduction from 1300 to 900 employees. Both paper mills have a function-oriented, hierarchical organizational structure (see figure 1 ).
*** FIGURE 1 ABOUT HERE *** Our partner: "Swiss Paper"
The main activity of Swiss Paper is the production of high-quality paper. In addition to the paper production itself, it manufactures high-quality paper into semi-finished levels (cut-size sheeting and packaging). A total amount of 300'000 tons is produced by three independent paper production lines with different production capacities (49%, 29%, and 22%).
However, the primary raw material, the pulp, is not produced by Swiss Paper itself, but bought from independent deliverers.
Until 1988 there was a shortage of high-quality paper on the European market. In 1991, after a market analysis of future developments, Swiss Paper invested US $ 400 million into a paper production line of the newest generation.
Nowadays, this production line is producing nearly half of the total amount of paper. At about the same time, strong
German and Scandinavian competitors were making similar investments which lead to a significant over-capacity of the whole European paper industry around 1992/93 (there was a previous over-capacity of 25% in 1991). As a consequence, the price for paper dropped. However, European paper production capacity was still rising, which was probably the reason why the pulp price increased also. This market development caused difficulties for Swiss Paper.
There were a number of additional, specific factors contributing to the already difficult situation of the company.
First, the European market within the European Union had become well established, making it more difficult for a company in a non-member country like Switzerland to compete. As a side effect of the European alliance, there were large fusions going on. During 1994 the ten biggest European paper mills were producing two-thirds of the total amount of European paper. Second, there had been some unfortunate investments. For example, Swiss Paper decided to assign the contract for the development of the control system of the new paper production line to a new-comer in paper industry. This decision lead to a lot of system crashes during the first two years. These frequent crashes had an immediate negative impact on the production capacity and on the quality of the paper. 1993 was a bad year for the company: the holding's losses totaled US $ 100 million. Also, there is the general phenomenon that the market has become more dynamic. For example the price of the pulp increased from October 1994 to October 1995 from US $ 380 to US $ 1000 per ton. This was another unfortunate development for Swiss Paper, because there was a practice of making contracts with their customers for a period of one whole year in advance, based on the current pulp price.
In this kind of new market situation companies not only have to be able to produce efficiently, but they must react dynamically to unforeseen changes. Last but not least, there was also the great danger that the company would have to file bankruptcy. It was obvious that something had to be done to get the company back on track.
At the end of 1994 Swiss Paper had to write down the capital. Additionally, in early 1995 a consortium of banks launched a far-reaching restructuring operation -just before our project had been approved by the CEO. While the management consulting company was focusing on the overall organization, our project was focusing on a more operative level.
SETTING THE STAGE

The operative level
Our efforts are centered around the complex issue of energy management. This focus was chosen for several reasons:
(a) Energy costs for paper production amount to approximately 10% of the total production costs. Energy is a strategic factor for the paper industry, first because of the high energy costs, which can be expected to increase in the future. Moreover, currently the average cost for electricity in Switzerland is extremely low as compared to the surrounding countries. It can be expected that this situation will change in the near future. Second because of ecological considerations that will become even more relevant in the future.
(b) According to one of our hypothesis, energy consumption is linked with paper quality.
Thus, if we get the energy situation under control, the paper quality will also be improved.
In 1994, for example, Swiss Paper expended about 228 GWh of electrical energy (68% were produced by Swiss
Paper's own power plant), and about 495 GWh of thermal energy. The total cost of the company's energy consumption amounted to US $ 21 million, including the cost for additionally purchased energy. The cost for the 72 GWh bought from an external electricity provider totaled US $ 7 million. Energy required for the production of one sheet of paper is equal to the amount of energy expended if you leave a bulb of 60W on for 12 minutes (see figure 2 ). *** FIGURE 2 ABOUT HERE ***
To convey a flavor of the situation of the company at the operational level, we will emphasize some characteristic "cultural" points. Now we present a short overview of some managerial, organizational and technical concerns, which are important for understanding our project partner's situation.
Fields of investigation
Because of our focus on energy, the investigation could be constrained to the company's own power plant as the energy supplier and the three paper production lines as the main energy consumers. 84% of the company's total electricity production, and 81% of the company's total steam production is consumed by the paper production lines. Our research capacities were too low to handle all three production lines, so we decided to concentrate on the most advanced and most energy consuming one, called TP9. TP9 is Swiss Paper's ninth paper production line since its foundation in 1862.
Geographically, the power plant and TP9 are at a distance of one kilometer from each other with several buildings in between them.
The power plant
As mentioned before, Swiss Paper runs its own power plant which produces most of the paper mill's energy demand (e.g., 68% of the total electricity consumption). Both gas and liquid fuel are used for producing electricity and steam (see figure 3 ). *** FIGURE 3 ABOUT HERE *** An advanced gas turbine produces electricity and heats a boiler. The boiler in turn produces high pressure steam. In addition there are four older boilers running by gas and liquid fuel which also produce high pressure steam. The high pressure steam from all the boilers is used to drive two steam turbines producing electricity. The resulting low pressure steam is subsequently used to dry paper.
A large part of the electricity is produced by means of the steam turbines. A second part is produced by the advanced gas turbine. A third part, however, is bought from an external electricity company (see Figure 3 & 4). *** FIGURE 4 ABOUT HERE ***
The staff and the paper machine
The production of paper, and consequently the energy production as well, run 24 hours a day and 7 days a week. In the control room of the power plant there are two operators working in each shift of eight hours. During the day, the manager of the power plant is present as well.
In order to run the paper production line TP9, there are 30 workers present in each shift. The production line is divided into three consecutive production parts, namely the paper production itself in the paper machine, the processing of the paper for improving its quality (surface and whiteness), and the slitting system for producing smaller reels. Unlike the operators at the power plant, each worker at the production line has a certain specialization:
jobs task 'paper makers' mainly being responsible for fulfilling the production planning guidelines and monitoring paper quality.
'1st engineers' controlling the machine processes and enforcing quality norms.
'2nd engineers' supporting the '1st engineer'. handymen doing the work assigned to them by the engineers.
shift manager maintaining the communication between the three parts of the production line; belongs to a shift.
line manager responsible manager of the whole paper production line, only present during the day.
two additional persons at the production quality laboratory, also belonging to a shift.
The main part of the paper production process takes place in the first third of the paper production lines, in the paper machine. The paper machine itself has two main sections. In the first one, paper pulp, a quite liquid substance, is poured on a large plane, 30 meters long and 5.68 meters wide. This plane is in fact a sieve which slides with a velocity up to 1000 meters per minute over tens of bars, extracting the most part of water from the pulp. That means that after less than two seconds the 5.68 meters wide paper strip is already strong enough to withstand tension without the support of a carrying plane, which facilitates movement around 39 cylinders. These cylinders are heated with the low pressure, but hot steam originating in the power plant. The function of this second section of the paper machine is, of course, to dry down the paper strip to the expected value. At the end of the paper machine the paper strip is rolled up on a huge reel of final weight about 20 tons. Now the main paper production process is finished. The paper on the reel is now ready for further manufacturing, mainly concerned with quality improvement and cutting into customizable sizes.
The dynamic interrelation between steam consumption and electricity production
There is a mutual dependency of steam consumption and the production of electricity, which is caused by the steam turbines: the higher the rate of paper production, the higher the rate of steam consumption, the higher the plant's electricity production.
There is a paradoxical phenomenon that occurs here where the paper strip inside the paper machine is torn for any reason (thus interrupting the flow of paper production), the machines of the paper production line continue to run (thus still requiring current). However, steam is no longer required because there is no paper to dry. As most of the electricity is produced by steam turbines and as steam is no longer needed, the power plant's steam production is consequently reduced which implies that its electricity production will also go down. As a result, electricity may have to be purchased from the external electricity company. Due to specific contract issues in which the electricity company guarantees to supply any amount of electricity to Swiss Paper at any moment, this additional electricity can be very expensive, even if the actual amount of electricity consumed is relatively small. The account Swiss Paper has to pay for the purchased electricity is twofold. Besides the cost for the total amount of electricity consumed during a month (counted in MWh), Swiss Paper is likewise charged with respect to the highest peak they reached during the same time (counted in MW), independent of how low the next lower peak is. That means that two months with the same total consumption of electricity (MWh), in one case with a stable consumption over time (hardly any peaks), and in the other case with a dynamic, unstable consumption (high peaks), can result in vastly differing amounts. For example, if the company is able to bring its monthly highest electricity peak down by 3 MW, given the same total consumption, it will save four hundred thousand dollars a month. The development of some of the key variables is shown in figure 5 . *** FIGURE 5 ABOUT HERE ***
The understanding of the interrelationships between the various processes are so far understood by Swiss Paper's experts as they are displayed in figure 5 . Most of the workers aren't even aware of these facts. Further considerations about this financially crucial process, such as how electricity cost could be reduced by appropriate reactions at the three paper machines, have not been regarded by Swiss Paper's engineers. It was assumed that the interrelationships are too complex to be handled appropriately. Furthermore, it was stated by managers that any possible alternatives -should any exist, would probably have unwanted, negative consequences on the logistics of the whole production process.
Other dynamic aspects
There are two other dynamic aspects worth mentioning. Firstly, because pulp is a natural product, it is very hard to predict how actual pulp suits the requested paper quality standards. Pulp contains various types of wood fibres and other components. For example, there can be remarkable differences between fibres of Canadian and Australian pine resulting in a different paper production process, even if the trees have the same age. Moreover, the quality of the pulp is strongly influenced by hardly accountable measurements, for example, by the amount of sunshine the trees were exposed to. The paper maker uses his experience to decide on the pulp mixture, which has a strong influence on the quality of the paper.
Secondly, the paper quality cannot be objectively defined. It also depends on the customers' subjective impression.
For example, although the paper may fulfill defined standards, some customers will complain. This is so, because, for example, during an economic recession customers are less liable to accept the average paper quality. Or take the example, that if the picture printed on the paper has a blue area in it, e.g. a part of the sky, paper imperfections will be detected more easily and become a source of complaints. If the picture does not have any blue in it, the paper can be sold even though it does not fulfill the defined quality standards. In this case, the customers accept or do not even notice the imperfections, which still exist from an objective point of view. Consequently, the quality standards are designed in a way to meet an average of the customers' expectations. In fact, the crucial decision whether a reel of paper is qualitatively acceptable even though the paper does not meet defined quality guidelines, lies in the hands of the workers at the production lines.
The current standard of computer systems
Swiss Paper's computer infrastructure is two-fold. On the one side, there is a computer infrastructure for the support of commercial and financial tasks. These systems constitute a kind of MIS (Management Information System) consisting of financial programs, data bases, production planning utilities, and general managerial support tools. On the other side, there is a huge and highly complex real-time system which is needed for monitoring and controlling the sophisticated paper production lines and the power plant machinery. It is, in essence, based on signal processing systems technology.
Many of the computer systems are insufficiently supported by the technical staff of Swiss Paper, in particular the exchange and interrelation of the two kinds of computer system infrastructures. The staff supporting the real-time system, the 'Technical Information Systems Department', consists of four persons. They are responsible for maintaining the four independently running process control systems of all three paper production lines and the power plant. This number should be compared to the 20 people which are available for the maintenance of the MIS, the so-called 'Financial Information
Systems Department'. Five years ago, the 'Technical Information Systems Department' consisted of 14 employees.
Probably because of the massive investments in advanced machinery, the technology had become too complex for the average systems engineer to handle. The company had to hire external expertise. Then for financial reasons it had to reduce its own staff. Today, there is a serious lack of know-how in building and maintaining the complex process control systems by the 'Technical Information Systems Department' (cf. figure 1 ).
The real-time computer systems at Swiss Paper are more or less independent of each other. There is only one computer per production line connecting the company's real-time systems to the network of the MIS. The connection between the two computer systems is a known source of problems.
The integration of the computer systems
There is a need for data exchange between the MIS and the process control computer systems. Some of the data required for running the process control system at TP9, is produced by the MIS. For example, data about planned production capacities which is generated on the commercial side, has to be transmitted to the process control system. Likewise, data collected by the process control system has to be transferred to commercial departments which monitor the progress of the paper production process and the extent to which the customer orders have been fulfilled. This interface is realized by just a few computers. They have to handle the different technologies and protocols. The maintenance of these protocols is known to Swiss Paper's computer engineers as being very problematic. A known source for these problems are release updates with changes in data structures. Interestingly enough, neither the manager of the MIS, nor the head of the real-time systems are willing to assume the responsibility for the maintenance of this interface. Because the connecting software system has been developed by a third party, this interface is poorly understood and therefore not well maintained.
The data situation
At the power plant control room, a lot of data about boilers, turbines and other machines are displayed on two screens. This data represents the operational state of the power plant machinery. In their daily work the operators also have to monitor and adjust the controls located directly next to the boilers. Note that the boilers are a ten minute walk away from the control room.
No data about the energy consumers (i.e. the paper production lines) is available at the power plant. There is even no data about production planning and none about the current state of the production process available. For example, the actual electricity and steam consumption of the various production lines is not available at the power plant. Although, there is an optical fibre cable belonging to the data processing network (part of the MIS) going through the power plant, there is no computer attached to it. There are two alarms indicating when the paper strip is torn at one of the two older production lines. Interestingly, such an alarm is missing for TP9, the most advanced production line.
One of two screens at the control room of the power plant summarizes the data about steam production, the other displays an overview of the electricity production (MW) of the gas turbine and the two steam turbines. The rate of electricity consumption for the electricity supplied by an external provider, is also shown. All data of the process control system at the power plant is electronically stored for three days.
At TP9, the most highly computerized production line, the process control system continually collects thousands of data records: quality data, such as the whiteness or the thickness of the paper, production data, such as the number of tons of paper produced, and finally process control data, such as the current steam consumption or the flow of pulp and water. All data collected at TP9 is electronically stored for seven days. Although the US $ 7 million control system of TP9 is collecting and displaying data on the current electricity consumption of hundreds of single engines, pertinent summary data about electricity consumption is missing. It is not surprising then that there is a lack of awareness about electricity use among the production line workers, and that the electricity consumption does not influence their working activities.
The distribution of competence and communication
The only communication device connecting the paper production lines and the power plant is a telephone. The workers at the production lines are instructed to inform the operators at the power plant about planned activities such as the start of the machinery, changes in the production plan, and incidents that interrupt the paper flow, such as when the paper strip is torn. Incidents of this sort require the full attention of the operators at the power plant. They have to readjust the controls of boilers and turbines to comply with the changed energy demands. Nevertheless, the line manager of TP9 has forbidden his line workers to do the requested phone call when the paper strip is torn, because the line workers have to do a lot of hurried work and have no time for other tasks such as calling the power plant. Of course, this is only justified as long as energy cost is ignored.
When the paper tears, it is also possible that the power plant is not able to produce enough steam which in turn may lead to a total system crash. Further detail about this matter are omitted here, because technical explanation is required.
However, a reduction of the current steam consumption at the production lines could prevent such crashes, for example by reducing the speed of the paper machine.
Thus, it would be advantageous if the operators at the power plant could demand changes in the operation of the paper production lines and vice versa. However this would demand a better understanding of the interrelationships in order to define action alternatives applicable to daily work. That means that such instructions must be interpretable by the workers with respect to current problems. Yet, as we already outlined earlier, Swiss Paper's managers don't believe in the possibility to reach a better understanding than described above and are therefore not willing to invest in respective investments.
Moreover, they force their workers to act in just the opposite way.
THE PROJECT DESCRIPTION The methodology
At the outset of Situated Design, a vision has to be created which is shared by all participants (by us as Situated The third step is to define a small project that can be realized within a short time (a few weeks or months) and quickly yields payoffs. The "art" of Situated Design is to find small projects that are immediately of use, but at the same time do not compromise the original vision. Then the systems developed within the projects have to be introduced into the working situation. Finally the effect on the whole work place has to be evaluated and the cycle can be repeated starting with new projects. All developments have to be made together with the staff that will have to deal with the system. The idea is to get the staff interested and to bootstrap a process. Thus, the main task is the initialization of a process of continuous learning and change, rather than a product. To support learning is the key point here, not rationalization. This seemed to be the underlying problem of Swiss Paper: many insufficiently understood, relatively isolated phenomena. In Situated Design, the computer scientists in the project team have the function of a catalyst or a moderator. Eventually their function will be reduced to one of informing the company on new developments.
The general stages are: 1) Developing a vision of where you want to go, 2) Analysis of the complete working situation; Initialization of the process, 3) Designing the initial system, 4) Introduction of the system into the working environment, and 5) Evaluation (take into account new working environment; generate ideas about new system).
This procedure hardly differs from the current understanding in software engineering and organizational design.
However, Situated Design emphasizes a quite different view on particular aspects of how to improve work places by means of computer technology. For example, the understanding of the dynamic characteristics of the "real world" (see Pfeifer & Rademarkers, 1991, and Pfeifer, 1996) , the social nature of knowledge and communication (see Heath & Luff, 1996 & unpublished) , and the situatedness of human expertise (see below) result in different understandings about a) the necessary focus of analysis, b) the possibilities of computer technology, c) the nature and ability of human expertise, and d) the situated character of the design process itself.
Further, these steps are formulated in a fairly abstract manner. The methodology of Situated Design is almost by definition a methodology that cannot be couched into very precise terms. Making things much more precise would defeat the whole purpose of situated development. Because adaptivity, interactivity, and change are the main issues of concern, it is virtually impossible to precisely define all the details in advance. This is in contrast to traditional CASE-like approaches.
CASE tries to formalize all the steps in a project development process. The underlying assumption of CASE is the controllability of the entire process. If your main concern is budget and deadlines, CASE seems like a good solution.
However, the real world is different. Because during the project the ideas, goals, and attitudes change, it is clear that predictability is only limited. The introduction of a new computer application not only changes the way in which a particular task is performed, but it changes the whole work place. And over time, the computer systems are used in different ways and their results are interpreted differently. The methodology of Situated Design tries to take this into account. 
Theoretical considerations of Situated Design
On the one hand Situated Design implies a critique of the most widely held misconceptions of human expertise and the power of computers, and on the other -as a consequence -an alternative approach in designing work places. The fact that other methods are needed has been argued by many other authors (see, e.g. Landauer, 1995 , Winograd & Flores, 1988 , Suchman, 1987 , Dahlbom & Mathiassen, 1993 , Ehn, 1988 , Greenbaum & Kyng, 1991 , Pfeifer and Rademarkers, 1991 .
We will first briefly summarize the theoretical foundations and then we will discuss the implications for a design methodology.
In order to understand the misconceptions let us start by looking at the concept of "knowledge". For the purpose of this case description, let us define knowledge as the experience that guides an expert's behavior as she or he interacts with the environment. This characterization has to be contrasted with the view of knowledge endorsed in the expert systems literature. There, the aim is to formalize knowledge, to make the knowledge explicit. Formalizing knowledge implies that knowledge has the same quality as data. By data, we mean entities that can be syntactically manipulated. Data differs from information in that the latter implies interpretation by an individual. A similar argument has been made by McDermott (cf.
"Artificial Intelligence meets Natural Stupidity", 1976). In this paradigm -the one underlying expert systemsknowledge can be "extracted" from an expert like coal from a coal mine (cf. the 'knowledge mining' metaphor). There is a strong belief underlying this paradigm, namely that knowledge can be reduced to (possibly complex) representations (e.g.
formulas, algorithms, plans, plain text etc.). However sometimes the term 'tacit knowledge' is used to indicate that knowledge cannot be reduced to representations (e.g. Polanyi, 1967). Dreyfus & Dreyfus (1986) characterize, in essence, knowledge as "tacit" and not amenable to rationalistic description.
• Knowledge
Reducing knowledge to representations, however, neglects the fact that there has to be an individual, who is a member of a community and therefore able to interpret the meaning of the representation with respect to the community's agreements on and use of the representations. Formulas, algorithms, plans, and the like in and of themselves do not constitute knowledge -representations represent the knowledge only with respect to social agreements. The real knowledge -so to speak -is and can only be defined in terms of the particular situation in which an individual is behaving and with respect to community members.
Knowledge can be communicated without the need for explicit representation. For example, masters are able to teach their apprentices by referring directly to reality. They can use the world as its own best model (Brooks, 1991) . Second, a group of people are able to cope with the real world in a more effective way than one person alone. Of course, a group will normally be faster on a particular task than one person alone. But this is not the point here. The point is that the motivation for group work is -among other things -that the product of the group will be qualitatively better.
Let us illustrate these rather abstract reflections by an example. The main concern of our project is "energy management". Obviously, both parties, the energy producer (power plant) and the energy consumers (production lines) are influencing the result, i.e. how much energy is finally consumed and how expensive it has become. Today, both parties have only limited knowledge of the task. The power plant operators know how to drive the boilers and turbines. But they do not know how to react to the specific circumstances at the production lines. They do not have the appropriate information at their disposal (except for information about the current steam and electricity consumption by the whole company). For example, they rarely know why one paper machine is currently using less steam than a short time before. At least a phone call would be necessary to find out.
Similarly, the paper machine workers do not really know anything about energy production. Neither do they know when the problematic situation of a lack of steam comes up, nor are they aware of the current electricity consumption of their machines. As mentioned earlier, there exists no data about the current energy consummations (e.g. which production
line is producing what kind of paper quality and therefore is consuming how much energy for how long). The idea is now that if more data about energy are available to all the workers, energy will be used more effectively -if workers knew how to read (interpret) the data. In other words, they learn to communicate with each other about energy issues. This implies that the interpretation of the energy data (the task of defining the meaning of the representations pertaining to energy) cannot be performed by the members of one party alone -both the members of the power plant as well as the members of the production lines have to communicate their ideas about the meaning of the new data (with regard to the current situation and to the common and individual goals etc.). Only when this kind of organizational learning is supported will there be a fair expectation of improving the company wide energy task.
• Situated actions, situatedness Suchman (1987) introduced the concept of 'situated actions' which brings us a step further towards a better understanding of human expertise.
One of the assumptions underlying all of our work on designing computer systems is that if we have a better understanding of what people do, we can design better systems. In our theory, we argue that the classical view of humans as 'information processing systems' (or, more accurately 'data processing systems') is inappropriate. An essential point of criticism is that the classical view does not explain how data becomes meaningful. We point out that meaning can only be understood in terms of -typically implicit -social conventions. In other words, we have to look at entire communities, not only individuals. We also introduce the term 'tacit knowledge', meaning that knowledge is not an explicitly available "substance" that can be seen, formalized, stored, and manipulated in a computer system. Rather, it is whatever guides the individual's actions in a particular situation. 'Situated action' means that the agent brings to bear its own experience -in the form of (socially shared, tacit) knowledge -in the present situation.
Note that the action the actor takes in a particular situation, e.g. increasing the speed of the paper machine, depends on the context (customer demands, general economic situation), on the operator's experience, and on the specific situation (paper quality, state of various machines, etc.). Because the real world is indefinitely rich, unanticipated situations can always occur. A complete description of all the potential situations is not possible. Coping with novel situations implies adaptivity, which in turn implies taking the (novel) general context and the (novel) specifics of the situation into account.
Humans are adaptive in the physical and social world because they have grown up in it, because their 'tacit knowledge' has been acquired in the continued interaction with it. This kind of adaptivity is another essential factor of situated action. An additional aspect of situated action is the so-called "indexicality of language" (Suchman, 1987) , which means that otherwise ambiguous expressions acquire unique meaning within a situation. The simplest example is the use of terms like "this one", which can only be disambiguated in a particular situation.
We mentioned that the action a human takes depends strongly on the particular situation. Humans very strongly interact with their environment: they are -in a sense -coupled to it. In case of an emergency, e.g. a torn paper strip, the operator will move into a position where he has a good view of the machine, where he can perform the required actions.
These actions will be different on every occasion (even though they share some similarity). Rather than basing their actions on elaborate internal models, the current real-world situation is exploited in the decision process.
There is another central aspect of a situated actor. Situated action also implies that the actor perceives the situation locally. His actions are based on what is currently available to his sensory system. This aspect of locality is particularly important for systems design. It provides us with strong heuristics on where the human could be supported (see below).
The goal of Situated Design now, is to develop computer technology (or technology in general) in order to support a human, now conceived as a 'situated actor'. In the paradigm of Situated Design behavior is not sensibly conceived as process of abstract "decision making", as argued above. Note that this notion of human expertise sharply contrasts with the classical one. Behavior (and decision making) is no longer based on detailed plans, elaborate internal models, or sophisticated rules for logical inferences, but on 'situated action'. Needless to say, the nature of the support will be very different.
Implications for systems design
Given that systems must function in the real world, and given that human experts are situated actors, we can draw the following conclusions about the goals of the system to be designed, its technical characteristics, and about issues to take into account when designing systems. For further discussion, the interested reader may be referred to Pfeifer (1996) and Müller (in preparation).
The goals of system development that we pursue with computer technology support are: short-term practical utility, 
Tools and techniques
Situated Design is a method for bringing computer technology into the real world, i.e. into companies. Situated
Design projects are computer projects and therefore computer tools, as in any other project, will be an essential part. We have tried to characterize the sorts of tools we are looking for. The means for developing these tools are standard prototyping tools, code generators, or whatever. We will not go into them, they are well-known from standard software engineering practice. The book by Greenbaum and Kyng (1991) is a rich source of tools and techniques that can be applied to systems development. Some tools and techniques that are not so common are outlined in Pfeifer (1996) . Some examples that are discussed there earlier originate from the field of 'knowledge acquisition', like the user dialogue, or "expert-guided novice problem solving".
Other approaches
There are a number of approaches in modern software engineering aiming in a similar direction. Examples are 'Cooperative design' (Kyng, 1991; Greenbaum & Kyng, 1991) , 'Participatory design' (also called the "Scandinavian school", see Ehn, 1988; Floyd, Züllighoven, Budde & Keil-Slawik, 1992; Schuler & Namioka, 1993) , 'anthropological approaches' (see e.g., Zuboff 1988), 'philosophical approaches' (see e.g., Dahlbom and Mathiassen 1993) , 'Human-computer interaction' (HCI), and 'Computer supported cooperative work' in general. It comes as no big surprise that the first four are highly compatible with our own views. Their work, like ours, has been strongly influenced by Lucy Suchman's seminal book, "Plans and situated action" (Suchman, 1987) . The "Scandinavian school" (e.g. Ehn, 1988 ) is based on the ideological assumption, motivated by the strong position of the trade unions in Scandinavian countries, that the people affected by a certain technology should have a say in it. We feel that this ideological assumption is not necessary, but the approach can be justified by considerations about the real world and situatedness.
The field of human computer interaction or HCI is focusing on developing computer systems with which humans can interact in natural and efficient ways. This perspective is important and should be given serious consideration in every project. However, HCI -in its traditional form -isolates the user-system dyad. Even the term "user" is somewhat inappropriate since it views the world through the perspective of the computer system. The "user" of a computer system has a job to do which implies many activities, some of which are supported through the computer. But it also requires making phone calls, interacting with a physical process, interacting with other employees, drinking coffee, going to meetings, talking to customers, etc. Viewing system development in this more global context brings new perspectives into the design process and defines new requirements for the systems to be developed. This is why the formerly rather narrow field of HCI has now, for the better part, adopted a more broad perspective, compatible with Situated Design.
Finally, CSCW has been a buzzword for quite some years now. The overall goals go in a similar direction. To our knowledge, the focus has been on providing tools. The best-known tool in this area is probably 'Lotus Notes'. We have been experimenting with 'Lotus Notes' in this project and we have come to realize that there is much more to cooperation than connecting workstation via a network. The chemistry within the project, and the entire work situation of the participants has to be taken into account. But it is very likely that within a Situated Design project, CSCW tools can be employed beneficially.
Situated Design of the energy support system
The project team
The project, we started with Swiss Paper, was funded for three years by the National Energy Research Foundation of Even though one of our main methodological concerns is to involve the end-user, i.e. the power plant operators and the workers at the production lines, none of them was a member of the project team. However, we strongly assume that the line workers are the real experts, because they decide "which button has to be pushed in which situation" -according to their knowledge and experience. They hold the operative (tacit!) knowledge we want to support with computer systems in order to enhance the quality and effectiveness of their work. So, they still remain to be the main target group of our intended process.
It is also one of our main methodological concerns to start a project by accepting the project partner's values.
Unfortunately, this implied that the line workers have not been involved in the project team meetings (cf. the discussion in the section on 'successes and failures'). For the discussion of theoretical reasons why workers must be continuously involved in a project, the interested reader is referred to, for example Greenbaum & Kyng (1991) .
Conclusions of the first analysis
Given this above background on the operative situation of the company (c.f. the section 'setting the stage') we can identify some problems. For the next step of Situated Design, this first analysis has to be evaluated by all members of the project team in order to find a common, more focused project goal.
Five important issues have been identified. First, there is a general lack of understanding of the interdependencies of different processes. Second, there is a lack of communication between departments. Third, there is a lack of expertise concerning the different kinds of computer systems. Fourth, data resources are not coordinated and not exploited. And last, but not least, the possibilities for change are underestimated by the staff of Swiss Paper. Let us briefly discuss these points in turn.
•
Lack of understanding of interdependencies and understanding of possibilities for change
Although some managers are aware of the interdependence between steam consumption and electricity production, the details are not well understood. Moreover, this insight is not generally known. But there are additional reasons that prevent operators from taking measures to save energy. On the one hand, the managers and the operators doubt that there is any way in which the energy consumption can be influenced. On the other, because of the unsatisfactory economic situation, the focus is entirely on fulfilling the customer orders. One straightforward way to reduce the peak load would be to lower the velocity of the machines. But this option is not even considered. The situation is perceived as unchangeable.
Lack of communication between departments
Because the 'Financial Computer Systems Department' and the 'Technical Computer Systems Department' do not communicate well, there is a lack of understanding of each other's problems. Managers even explicitly refuse to communicate. As we have seen, one of the results of this lack of communication is that nobody is willing to assume the responsibility for the interface between the MIS and the real-time systems.
There is also a lack of communication between the energy consumers (the production lines) and the energy producer (power plant). Let us illustrate this point with an example. There is an official guideline that emergency situations at the production lines have to be reported by phone to the power plant operators. As opposed to the official policy the TP9 line manager does not allow his workers to make this call. The explanation given by the manager is that at this very moment he needs all his workers to get the machine back to normal. There is no time to lose, least of all to make a phone call which is considered unnecessary, anyhow. This argument illustrates the general environment. Although the manager of TP9 and his colleague at the power plant often have lunch together, they do not really understand each other's reasoning. It seems that current function-oriented hierarchical organizational structure does not encourage the communication. At one of our project meetings the TP9 manager explained his motivation for the ban on phone calls to his managerial colleague -apparently for the first time. It is obvious that if the energy costs are to be reduced the knowledge about the actual energy situation has to be improved, which implies that the communication between the energy producer and the consumers has to be intensified.
Lack of knowledge about computer systems
There is strong evidence that there is a lack of knowledge about the company's computer systems (hardware and software). There is a general reluctance to touch anything that might interfere with the real-time system. For example, even a simple operation like extracting data from the real-time system is considered a delicate matter. Let us again explain this point with an example. In order to learn more about the work of the TP9 workers, we observed them on several occasions during our investigation. We compared statistical data about the process with our own observations. This task was very tedious because the data was only available in printed form. Several reasons were given for this problem. First, the 'Technical Information Systems' staff justified this obviously unsatisfactory situation with the expected costs for reprogramming the complex signal processing systems to make electronic data available. Second the real-time systems do not have the capacity to store this mass of data. And because the real-time systems are principally isolated they cannot resort to the MIS for this purpose.
• Uncoordinated data resources and a lack of system integration An enormous amount of potentially useful data is generated continuously. Thousands of signals are produced by the control systems at TP9 every tenth of a second. However, they are not systematically recorded. Between the consumers and the supplier there is practically no exchange of data. An exception are the alarms indicating that the paper strip has been torn. But these data items do not indicate, e.g., the location at which the paper strip was torn in the production line. This location could be used for estimating the expected time of interruption. It would also be of interest to power plant operators to know about the so-called grade (gr./m 2 ) of the paper under production. This would enable them to better approximate the expected reduction on steam consumption during an interruption. Most important of all would be data about the current steam and electricity consumption of every single production line. The current rate of steam consumption is available to coincidence that these objectives are quite similar with the ones which are well known in the context of 'Total Quality Management'.
CURRENT STATUS OF THE PROJECT
In order to define a small initial project, as required by the methodology, we engaged in a number of activities. We had a lot of discussion with Swiss Paper managers. We conducted many interviews and so-called participant observation sessions at the work places of the power plant operators and the paper machine workers. We also organized quite a few workshops with the people concerned. We produced many protocols summarizing our observations and conclusions.
Moreover, we did a lot of statistical analysis of collected data, etc. As a result we proposed two complementary projects:
The first is aimed at fulfilling the information requirement of the power plant operators by providing refined information about the company's energy situation. This requirement is to be satisfied by additional data transferred from the production lines to the power plant in order to enhance the "autonomy" of the operators when dealing with boilers and turbines.
Complementary Project "Production Line"
The second project is to fulfill the complementary information requirement of the paper machine workers by further data about the current energy consumption rate in order to influence the paper machine workers with regard to current and expected energy costs.
At a project meeting it was decided to pursue the first proposal to begin with. The hypothesis that load management could be improved if more data about future energy demands were available, was considered to be plausible. The other hypothesis, namely that enhanced awareness of energy-related issues of the paper machine workers could improve the energy situation, was met with a certain amount of skepticism.
For us, it was clear from the start that both projects would have to be realized, otherwise the intended communication support between the two parties could not be fully successful. We were convinced that cultural changes would also be required. The intention was to promote and support this cultural change by means of computer technology, rather than by "preaching".
Project "Power Plant" in progress
The goal of project "Power Plant" is to support the load management task at the power plant. The idea is to provide more data about expected demands of steam and electricity. Remember that currently, the power plant is only re-acting to production lines demands. It tries to satisfy every request. This means that the boilers and turbines have to be controlled in such a way that every demand can be satisfied in a short time. This control strategy is certainly not optimal with regard to energy consumption. Being ready for any kind of change implies having, e.g., two boilers running continuously although one boiler could supply the current energy demand. But two boilers running simultaneously typically have lower efficiency coefficient characteristics than one boiler alone.
This situation is to be improved by providing three sorts of data:
1.
Energy data: Data about the current steam and electricity consumption of each single production line and each single paper machine respectively.
2.
Process data: Data about the current process situation, such as the velocity of the paper stream, the type of paper (i.e. the grade), an indicator signaling a torn paper strip, and the location where in the paper machine this has happened. The aim of this indicator is to forecast the time of interruption depending on, for example, the place where the paper strip was torn. In forecasting, it is always a difficult task to determine the relevant factors. The necessary data must, of course, be available for statistical analysis.
3.
Planning data: Data about the production planning, such as "which grade of paper ("quality") should be produced when and by which paper machine?". Together with the second sort of data, statistical data can be calculated -once more -forecasting the consumption of steam and electricity depending on, for example, the paper grade and the velocity of the paper machine.
At the moment no algorithm or statistical procedure is known (yet) to make the predictions. As we have discussed, the interdependencies of the various subsystems and the dynamics are very complex. Even the weather, the quality of the pulp, and the staff can have an influence on energy consumption. And there may well be other unknown factors. But the operators have a lot of experience -there is a lot of distributed 'tacit knowledge' present. Given the right kind of data, the operators will be able to optimally bring to bear their experience in the current situation. One crucial condition is that the workers do communicate with their colleagues about the particular circumstances and potential future developments.
Together, they have a higher chance of being successful because every individual taken for him or herself knows too little.
Additionally, we could say that a lot of knowledge about the energy management task is only "alive" and reachable if it is actively communicated during and with respect to the current situation and therefore shared by all involved experts, power plant operators and paper makers, a clear case of 'socially shared knowledge'. And this is compatible with our original design goal, namely to optimally exploit human expertise.
In addition, on the basis of statistical data, we expect to better understand the relationship between velocity, paper quality, and steam consumption. With enough empirical data a more sophisticated paper production planning process could be realized. Given this additional information, the distribution over the three production lines could be carefully planned in order to minimize energy costs.
At the moment project "Power Plant" is in the implementation phase. Among other things, we are evaluating possible human-computer interfaces in collaboration with the power plant operators. In the discussions with the operators, there are already new ideas popping up which were not present before we started the project. We take this to be an indication that the methodology is beginning to work -even before the first small system has been installed.
Complementary Project "Production Line"
The further analysis of project "Production Line" and its realization is deferred until after a first re-evaluation of the project "Power Plant". We are convinced that the full benefits of the project "Power Plant" will only become obvious if the project "Production Line" is also realized. We hope that through the implementation of the first system, the motivation to develop the second one will also increase. For example, the paper maker must be able to compare similar situations to each other, so he can test the influences on energy cost, e.g. when he changes the velocity of the paper machine, and learn for future times. The ultimate idea is to develop a so-called "expenses tracking system" (cf. Zuboff 1988). The idea is not to totally automate a seemingly well-defined task, but rather to support the learning process of the individual workers and of working groups. This objective should be reached through the implementation of the "expenses tracking system", because it provides the necessary data and supports the communication between the workers involved. To us (the computer scientists, or better: work place designers by means of computer technology), the main goal is not to find the "right" data structures and their "correct" algorithmic relationships, but rather to learn and to experiment what implementation, what design has the highest value with respect to the organizational goal. Because this kind of work place design is understood with respect to its intrinsically social nature, it must start and regularly be re-evaluated on an empirical basis.
Presumably the production line workers would need data about the power plant and the other production lines.
Moreover, they would need support from the experts at the power plant to interpret the data. Imagine that there is evidence of an impending expensive electricity peak. The normal reaction is to lower the velocity of the machinery. If the paper machine operator communicates with the power plant operator they might decide that, this single time, it would be unreasonable to slow down, because this would set off a highly complex dynamics that might make matters even worse. Of course, such a conclusion can only be made by the experts based on a analysis of the situated circumstances.
It is crucially important to involve those concerned into the design process in order to determine the information requirements. The adequacy of the data that is put at the operators' disposition is an empirical question. But note that the needs of the operators change over time because in the real world, there is always change. One important type of change is the introduction of a new artifact (here: new software or new computer system). As a result the situated interpretation of the data changes, too. These changes may in turn induce requirements for new or differently presented data.
In addition to the information requirements about the energy costs, we found that some emergencies at the power plant should be communicated to the energy consumers. For example, a serious emergency that rarely occurs is when the power plant is no longer able to produce enough steam. If the consumers do not reduce their steam consumption, they run the risk of a total power plant breakdown. A total breakdown would result in a loss of at least half a million dollars because of a production interruption for at least eight hours and high repair costs. Currently, the workers at TP9 do not fully understand the importance of such considerations.
SUCCESSES AND FAILURES
At the moment we are not able to report successes and failures of a finished project, because it is still in progress.
We will simply report some of our experiences so far.
First of all there is the fact that the cost for project "Power Plant" is US $ 100 thousand compared to an estimated savings in energy cost of US $ 250 thousand per year. These figures are based only on an estimate of potential improvements due to a more optimal working point of the boilers and turbines. The estimate does not yet include returns, due to a reduction of the electricity peaks. Overall we predict that with the realization of project "Power Plant", 2.5 % of the actual energy consumption can be saved.
Another positive effect is that since our project was launched, the issue "energy" has become an important topic at Swiss Paper. Here is an episode that illustrates the point. Once we were interviewing operators at the power plant during their normal work. Accidentally the advanced gas turbine had a serious crash. The influence of this crash on the production lines was so strong, that the paper strips were torn. As pointed out, the power plant operators were not used to receiving phone calls from the paper machine workers. Of course, the paper machine workers did not know anything about the reason for this incident at the time. But this time the operator whom we were just interviewing, received calls from two of the paper production lines. Both callers were telling him about their own accident, as it had been demanded from them for a long time. After responding to the calls the operator showed us his honest surprise, assuring us, that these had been the first calls for months. This episode happened about one month after we had conducted regular interviews with employees at the production lines.
As is typical of user-centered methods, Situated Design is to involve those concerned from the very beginning. In this way, discussions about visions (like the energy topic) and about their concrete work situation can be initiated. These discussions should be continued when we, the university partners, leave the company. The new computers and the newly developed software will still be there and have to be maintained and enhanced. The process which has been initiated during the project has to "survive" our involvement in the cooperation.
Partly, this strategy has been successful. It has been successful because of the TP9 line manager. He was the person who created the idea of the "light column", an indicator of the electricity currently consumed by the paper machine. It was thought of as an actual "light column" because it should have a strong presence in the workers control room, indicating the importance of its message. Somehow it was the starting point of project "Production Line". This kind of involvement is necessary if our methodology is to work Partly, our strategy has not been successful. Our aim to involve the front line workers into the decision process has failed so far. Even though they participated in our interviews and the workshops, none of them were permanent members of the project team. Additionally, most members of the project team were asked by the management to participate. They had no choice. As a consequence, not all the participants were very motivated. Moreover, the unfavorable economic situation was not conducive to a positive mood. These are all reasons why progress was relatively slow. We hope that this situation will change in the future.
On the other hand there is the story of how the load management support system got off the ground. It was necessary to have the data about the different boilers and turbines in the power plant control room. Some of them were missing. This required a bit of hardware (some cables, a board), and a bit of programming. Originally this was seen as a real problem. Finally, it was done by one of the operators at the power plant in a few days on the side, i.e. during his normal working hours while performing his job as an operator. The fact that the relevant energy data could now be displayed, aroused the interest of others and demonstrated that with relatively little effort, a lot can be done.
Finally, as mentioned above, the ideas about the "autonomy" of individual processes and employees were contradictory. The project made them explicit and we found that there is much more room for individual decision making than the engineers -and sometimes the operators themselves -were aware of. For example, it could be demonstrated that steam consumption, which is considered as given by the technical requirements of the production line, could be increased by the operator by nearly 50%, at least for a short period of time.
In summary, we have been confirmed in our intuitions, that with Situated Design a lot can be achieved with relatively little effort, few resources, and only small financial commitments. Given the dramatic situation of the company, the achievements seem even more relevant. We plan to finish the first phase by the end of this year. We are convinced that this will lead to a process that is mostly driven by the employees of the company. At some point, our task will only be to keep the company up-to-date on recent developments in computer science, and the continuous learning and development process will have become autonomous and running on its own. But even now, we feel that we have succeeded in being the catalysts.
EPILOGUE AND LESSONS LEARNED: CHALLENGES FOR PROJECT MANAGEMENT
Situated Design represents a challenge for project management. The traditional view is focusing on a product: the goal of an computer technology project is the development and installation of a particular product. In recent years, computer technology has been used as an enabler, as a kind of vehicle to support the restructuring of companies. But even there, a goal state is defined as clearly as possible at the very beginning of the project. The experience with BPR ("Business Process
Redesign") projects has shown that on the one hand the clear definition of the goal state is far from trivial and that it is entirely open how to achieve the goal state. The situated perspective suggests that typically the goal definition has to be adjusted as the project evolves.
Situated Design does not start with a clearly defined goal state or product specification. Rather, it starts with a vision and then tries to initialize a process. The focus of the methodology is on this process. The conviction is that innovation requires a process of continuous change and learning. This point has been made very nicely by Peter Senge in his book about the learning organization (Senge, 1990) . Situated Design is compatible with this philosophy of the learning organization. One of its main goals is to support "learning" in its many forms.
But if we do not start by defining concrete goals, how should we measure progress in the project? Where are the milestones? How do we know how much the project is going to cost? How can we make a budget? How do we know how to allocate personnel to the project? If it is a process and if the goal is that the process evolves on its own, how do we ensure it is going in the right direction? How do we know what the right direction is? These questions are all justified and we must somehow find an answer for them. Otherwise, the methodology will have a hard time being accepted by companies.
At the moment we really do not have good answers to these questions. It will be particularly hard to provide quantitative measures for success. Partly we will have to rely on common sense, partly we can use tools from work psychology. If there are a few factors that are generally accepted as indicators for progress, this is a lucky coincidence. If they can be found that makes the approach much more convincing, even if improving this particular quantity may not be all that central to the overall vision. Cutting the costs through load management system is a case in point, the expenses tracking system will be another.
There is an additional difficulty. Because of the involvement of the people and because of the initial investigation of the working environment, the situation is already changed. Thus, it is hard to have an exact before-after evaluation. But our goal is inducing change.
Dialogues at all levels, intensive communication, carefully performing the evaluation step (step 4, above), will be extremely consequential for the project. Our experience has shown that this continued interaction of the management and the project developers with the user, quickly shows whether the project is going in a desirable direction. Moreover, during the process, very often many new ideas emerge. Again, measuring ideas quantitatively is very hard, but it is obvious when the atmosphere is conducive to creativity.
Coping with change and uncertainty is the main point. Perhaps the control and evaluation of a Situated Design project might require more time from both the participants in the project and the management responsible for it. But the hope is that this additional effort is more than compensated by the quality of the results: innovation does not come for free.
Computer technology, if applied wisely, might just provide the right tools for project management in rapidly changing, highly unpredictable environments. Imposing strict guidelines with the goal to make everything controllable seems to be defeating the point.
We are optimistic that courageous and innovative students and practitioners of management will take up these ideas and investigate more thoroughly the issues raised by such an approach. A prerequisite is, of course, that they accept the basic assumptions of Situated Design.
FOOTNOTES
1 Name changed. 2 We prefer this term as opposed to 'software engineering' because of the too restricted meaning of the latter. 
